Recent heavy flavour results from the LEP experiments are presented. These include a search for new physics in rare B decays, a new model-independent measurement of the b-quark fragmentation function at the Z peak, updated measurements of |V cb |, results on ∆Γs, searches for B −0.12 or ∆Γs/Γs < 0.53 at 95% CL. However, despite continuing improvements, ∆ms is still unmeasured, with a lower limit of 14.6 ps −1 at 95% CL. Improved heavy flavour results are expected from LEP by Summer 2000. The current status of electroweak heavy flavour physics is summarized in another presentation.
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b-fragmentation studies
Understanding the production of b-hadrons in Z decays is important for many heavy flavour analyses. The b-quark hadronisation can be described in terms of the variable x E = E b-hadron /E beam , the fraction of the beam energy retained by the weakly-decaying b-hadron produced in a b jet. Being not known accurately, the distribution of x E is simulated by the LEP experiments using the JETSET generator together with phenomenological models that relate the energy of the b-hadron with that of the initial b-quark. The most commonly used of these models, from Peterson et al., relies on a single parameter which has merely been tuned to reproduce the experimental spectra of high transverse momentum leptons originating mostly from the decay b → cℓ −ν . This tuning corresponds to a mean x E of x E = 0.702 ± 0.008, which is the value recommended up to now for heavy flavour analyses at LEP. 3 The ALEPH collaboration has submitted to this conference a new measurement 4 of the shape of the x E distribution (see Fig. 1 ) based on approximately 3000 B → D * lν decays, where the B meson energy has been estimated in a model-independent way from an identified lepton, a fully reconstructed D * meson and missing energy information. The energy spectrum is found to be somewhat harder than assumed before, with x E = 0.7198 ± 0.0045 stat ± 0.0053 syst , consistent with a previous ALEPH measurement. This confirms a recent result from SLD, 5 x E = 0.714±0.005 stat ±0.007 syst ±0.002 model , which has small model-dependent systematics, although based on an inclusive sample of b-hadrons.
These direct measurements of the shape of the x E distribution have now sufficient precision to envisage tests of the b-fragmentation model predictions and to discriminate amongst these models for the first time. For example, both ALEPH and SLD data favour the description of Kartvelishvili et al. over the one from Peterson et al. 
where K(ω) is a known phase-space function and F D * (ω) a single form factor which, in the heavy quark limit, is equal to unity at zero recoil. The interesting observable is thus the decay rate at zero recoil, but since the phase space vanishes at ω = 1, the quantity F D * (1)|V cb | must be extracted from an extrapolation of the measured differential rate at ω > 1. At LEP, this extrapolation relies on a specific parametrization 6 of the shape of F D * (ω) in terms of the slope ρ 2 at ω = 1. 
Systematic uncertainties are dominated by the limited knowledge of the D * recoil spectrum for B → D * ℓνX background events. With F D * (1) = 0.88 ± 0.05 from theoretical calculations taking into account finite quark masses and QCD corrections, 8 this leads to the combined LEP estimate |V cb | = (39.7 ± 0.8 stat ± 1.8 syst ± 2.2 theory ) × 10 −3 from exclusive decays. Current theoretical calculations based on heavy quark symmetry relate |V cb | and |V ub | to the inclusive b → cℓ −ν and b → uℓ −ν decay widths,
with total uncertainties estimated to be ∼ 5%. 3 Results on the B 0 s decay width difference Information on ∆Γ s , the decay width difference between the two mass eigenstates of the B 0 s -B 0 s system, can be obtained by studying the proper time distribution of untagged data samples enriched in B 0 s mesons. In the case of an inclusive or a semileptonic B 0 s decay selection, both the shortand long-lived components are present, and the proper time distribution is a superposition of two exponentials with decay constants Γ s ± ∆Γ s /2. In principle, this provides sensitivity to both Γ s and (∆Γ s /Γ s ) 2 . Ignoring ∆Γ s and fitting for a single exponential leads to an estimate of Γ s with a relative bias proportional to (∆Γ s /Γ s ) 2 . An alternative approach, which is directly sensitive to first order in ∆Γ s /Γ s , is to determine the lifetime of B 0 s candidates decaying to CP eigenstates; measurements exist for B 0 s → J/ψφ, 9 and now also for B 0 s → D , channels, whereas ALEPH have recently reported 50 candidates in the latter two channels. The number of signal events is estimated to be ∼ 20 in each experiment, but with a proper time resolution of ∼ 0.08 ps, more than two times better compared to more inclusive selections. As a result, these analyses, which have very poor sensitivity by themselves due to the lack of statistics, do nonetheless have a non-negligible impact on the average measurement of the oscillation amplitude A at high values of ∆m s , the mass difference between the two mass eigenstates of the B 0 s system. All results have been combined, including the latest ones from ALEPH 12 released for this conference and based on D − s ℓ + correlations and fully reconstructed B 0 s candidates, to yield the amplitudes A shown in Fig. 4 as a function of ∆m s . In the combination procedure, 8 the sensitivities of the inclusive lepton analyses, which depend directly on the assumed fraction f B 0 s of B 0 s mesons in an unbiased sample of weakly-decaying b hadrons, have been rescaled to a common value of f B 0 s = 0.096 ± 0.012. This value is obtained from direct production measurements, measurements of the time-integrated mixing probabilityχ of b-hadrons at LEP, as well as the new world average of the B 0 oscillation frequency, ∆m d = 0.484 ± 0.015 ps. The combined sensitivity for 95% CL exclusion of ∆m s values is found to be 14.6 ps −1 , which is also the actual limit below which all values of ∆m s are excluded by the data at 95% CL. No oscillation signal can be claimed based on the deviation from A = 0 seen in Fig. 4 around 17 ps −1 : a fast Monte Carlo study 13 shows indeed that statistical fluctuations can produced a more significant deviation (anywhere in the explored range in ∆m s ) in ∼ 3% of the samples generated with a very large true value of ∆m s .
The information on |V ts | obtained, in the framework of the Standard Model, from the combined ∆m s limit is hampered by the hadronic uncertainty, as is the case when extracting |V td | from ∆m d .
However, many uncertainties cancel in the frequency ratio
where ξ is currently known to ∼ 6% from lattice QCD. This relation can be used in fits of the CKM matrix, together with the experimental results on ∆m s , ∆m d , |V ub /V cb | and ǫ K , as well as theoretical inputs and unitarity constraints. Examples of such fits, 14 shown in Fig. 5 , illustrate the fact that the combined ∆m s results from Fig. 4 provide, together with the measured value of ∆m d , a significant constraint on the CKM matrix, favouring positive values of the Wolfenstein parameter ρ. 
CP violation in
where N B 0 (t) and NB0(t) are the number of events produced as B 0 andB 0 as a function of the proper time t, and β is one of the angles of the CKM unitarity triangle. From a sample of 23 fully reconstructed candidates, selected with a signal efficiency of (28 ± 2)% and an estimated purity of (71 ± 12)%, ALEPH measures sin(2β) = 0.93
−0.88 (stat)
+0.36
−0.24 (syst). The systematic uncertainty is dominated by the limited knowledge of the probability of mistagging the initial state, measured to be (25 ± 6)% using B ± → J/ψK ± events. This sin(2β) result can be combined with previous measurements from OPAL and CDF to yield 15 sin(2β) = 0.91 ± 0.35 or sin(2β) > 0 at 98.5% CL, increasing the confidence that CP violation has been observed in the B sector.
